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Abstract 

We discuss how the results of recent measurements on the spectra of quasars are predicted 
by the non-perturbative solution of String Theory proposed in Ref. [ffl]. 
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It is quite on debate today the question on whether the fine structure constant a does 
change with time or not[|, and in particular what is the meaning ^ ^ of certain 
recent experimental observations made on the radiation coming from ancient regions of our 
Universe, suggesting that this quantity could have been lower at earlier times 0) • This 
conclusion is essentially based on the observed decrease of the relativistic correction to the 
behavior of emission spectra, modifying the spectra of several elements detected in quasars. 
According to [0, |10[, these corrections implicitly depend on a, and their decrease can be 



referred to a decrease, as we go back in time, of its value: - < 0. In this note we want to 
discuss how, in the light of the proposal of Ref . [|I| , a decrease of the relativistic effects should 
be better viewed as the consequence of the increase of masses, as we approach earlier eras. 
We will see how taking into account this effect as predicted in Ref. correctly reproduces 
the order of magnitude of the observed deviation. 

As discussed in Ref. [|1|, masses can be viewed as a quantum gravity effect, basically 
related to the fact that the effective size of the Universe relevant for our physics is bound 
by the horizon of observation. Each different type of particle lives on an "orbifold" of our 
space-time, and feels differently the size of it, or, if one wants, the age of the Universe. This 
is the reason why we have a varied spectrum of masses, whose present values agree with 
those experimentally measured. As discussed in Ref. the time dependence of masses is 
expected to be: 

mi(t)~t-"s (0.1) 

where i labels the specific kind of particle (electron, muon etc.), and ni is a number, such 
that at the present time, t = to: 

m(to) = to = m 7 (0.2) 

mi being the present-day value of the mass f\. As discussed, this behavior, ultimately con- 
nected with the time-dependence of the cosmo logical constant, is by itself able to account 
for the accelerated expansion of the Universe, and leads to a correct prediction for the red 
shift. A consequence of the change of masses with time is also the change with time of the 
fine structure constant, which is by definition the value of the electric coupling at a certain 
mass scale, e.g. the electron's mass scale. However, the rate and sign of this change is not 
the one proposed in Ref. [^, |^, |TU|. Indeed, according to Ref. the coupling is expected 
to vary logarithmically with time, and to become stronger at earlier times. The reason of 



the discrepancy with the observations of Refs. R |TU[ , is that the latter assume masses to be 



constant. As a consequence, they are not accounted in the evaluation of the time variation 
of the corrections to the spectra due to relativistic effects, eq. (11) and following of Ref. |jlO . 
Indeed, the second line of the r.h.s. of eq. (11) of Ref. |]I0| should also include, besides a 
dependence on a, also a dependence on rrie, the mass of the electron, or better, its effec- 
tive mass once the center-of-mass value, the so called reduced mass, has been subtracted Q. 

^The variation of this parameter is expected in several cosmological scenarios (for instance Ref. ||]). 
^Expressions (3.1) are given up to coefficients, that in our case are of order 1. 

^In the hydrogen atom this is given by mo — ,™!)^^ ■ The possibility of referring to a change of this 
quantity the effect measured in Ref. can be found also in Ref. |ll|, |l^, although not related to a 
specific prediction as in our case. 
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Even without knowing the details of this contribution, it is not difficult to realize that this 
goes in the correct direction, because the second line of eq. (11) should vanish as the mass 
goes to infinity (or much before, to the Planck scale): the heavier is the particle, the less 
relativistic it is. Therefore, the mass must enter the corrections with some opposite power 
q with respect to a: ^ . The limit a ^ should then be qualitatively equivalent to the 
limit rric — > Mp ,00. In Ref. fl]] we have seen how precisely a change of masses is at the 
origin of the expansion of the Universe. According to that analysis, there is then a precise 
relation between time derivative of masses and red shift. What we want to observe here is 
the deviation from the red shift. This deviation depends on the shape of specific atoms and 
molecules, and its change in time is due to the fact that, as masses get lighter with time (or 
heavier when going backwards), these systems become more (resp. less) relativistic. Owing 
to the fact that, at least at ffist order, a and m enter the relativistic corrections with powers 
of different sign, we expect the relative rate of change with time of such corrections, as due 



to the mass change, to be of the same order of that computed, as a function of a, in Ref. ||I0 
In the following, we discuss how the results of Ref. |I| enable to predict the correct order of 
magnitude for this effect. 

Even without going into the details of a precise evaluation of the (mass-dependent) 
relativistic effects, we can get an idea of the order of magnitude we have to expect for 
the "non-universal" contribution to the deviation of emission spectra, namely, the part that 
cannot be trivially re- absorbed into a redefinition of the red shift. In fact, what we are looking 
for here is not its absolute value, for which we would need a very precise computation, but its 
relative rate of change with time. In order to roughly evaluate it, we can proceed as follows. 
As we said, any overall change of mass essentially goes into a change of red shift. This is 
simply the statement that a universal change of the mass scale is in practice nothing more 
than a change of "unit of measure" 0. However, masses don't change all with the same rate: 
our system consists essentially of two mass scales, the one of the proton and the one of the 
electron. A change of the average mass, that of the center of mass, is directly related to the 
red shift. Also a change of the electron's mass itself can be re- absorbed into a contribution 
to the red shift. However, through the reduced mass the emission spectra receive corrections 
depending on the ratio rrie/p = It is basically the change with time of this quantity what 
ultimately is the responsible for the non-universal effect, not re- absorbable into an overall 
mass scale shift. Although the precise non- universal contribution depends on the specific 
type, and "shape", of element under consideration, an evaluation of the relative change 
due to the contribution of rrie/p should anyway give us an upper bound on this non-universal 
deviation. Were not for this contribution, all the rest, including the relativistic effects, would 
give at first order a relative rate of change re-absorbable into an overall mass scale change. 
This accounts therefore for the main effect we have to expect. The relative rate of change 
of frequencies can then be separated as: 



u \a m J 



(0.3) 



The first term of the r.h.s. goes into a redefinition of the red shift, while the second one, 
accounting for the displacement from the red shift, is of the order of magnitude of the effect 
we want to evaluate. Owing to the way we have derived it, it appears in a "universal" form. 
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apparently the same for any kind of elements. The point is that what we have obtained with 
this argument is only a bound on the deviation we can expect. It belongs also to hydrogen, 
where it has been identified for what it is, a mass variation, in Ref. |jl3|]. Inserting now the 
mass dependence (p.l|), we obtain: 



7.^^ in - q( 



n, 



(0.4) 



The first term is the universal part, that goes into the redefinition of the red shift. The second 
term, accounting for the relative time variation of gives precisely what in Ref. |ID| has 

been reported as ^. Since (rip — rie) ~ — ^, at the present day this term is of the order of: 
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of the order of magnitude of the value one obtains by extrapolating the result of Ref. |]T0[ to 
the present time 0. We remark that the rate of variation of me/mp predicted in Ref. [|l| is 
compatible with the one suggested in Ref. [0]. We leave for future work a detailed evaluation 
of the corrections to the spectra. In order to make a more refined test of the proposal of 
Ref. [Q], besides an improved precision in the experimental information, we need also more 
exact mass formulae. 



In Ref. we have seen how masses are essentially a quantum gravity effect, as is the 
cosmological constant. We have also seen that the variation with time of these two quantities 
are tightly related: a variation of the cosmological constant reflects in fact into a variation 
of the inertia of matter |. A consequence of this is that the Universe evolves from an earlier 
"quantum gravity" phase, toward a future more "relativistic" phase. The quantum gravity 
phase dominates the more and more as we go backwards in time, and the horizon restricts 
toward the Planck scale. In that phase, all masses lift toward the Planck mass scale, the 
minimal scale allowed by the Uncertainty Principle. In the opposite direction, as time goes 
by, the horizon expands, the quantum gravity effects decrease, as do masses, and the kinetic 
energy increases, as does the rate of expansion of the Universe. This evolution is reflected in 
the observed change of the emission spectra, where one can detect both the "macroscopic" 
effect, i.e. the expansion of the Universe, and the "microscopic" one. According to Ref. 
we refer both to a change of masses. 
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